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The TNF-a, P53 protein response and lung respiratory changes 
related to exercise, chronic hypoxia and Adiantum capillus-veneris 
supplementation

Abstract 
Introduction: Evidence suggests that hypoxia and high-intensity exercise training can increase apoptosis of lung cells and 
Adiantum capillus-veneris (Ac-v) extract can have anti-apoptotic effects. Thus, the aim of the present study was to investigate 
the effect of chronic hypoxia and the (Ac-v) extraction as a supplement on TNF-a and P53 protein expression as well as the 
respiratory surface.
Material and methods: 24 healthy Wistar rats (age = 4 weeks, weight = 72 = 9 gr) were trained using interval training for  
6 weeks followed by a 3-week stay in hypoxia conditions. Half of the hypoxia samples received 500 ml/gr/per body weight daily 
(Ac-v) within 3 weeks of hypoxia. At the end, the lung tissue was removed for histological and immunohistological analysis.
Results: After 3 weeks of hypoxia exposure following 6 weeks of exercise, expression of P53 and TNF-a  increased and the 
respiratory surface decreased (p ≤ 0.05). After 3 weeks of taking the Ac-v extract during hypoxia exposure, reduced P53 and 
TNF-a expression and the increased respiratory surface were observed (p ≤ 0.05).
Conclusions: Chronic hypoxia may be considered as a strong stimulus leading to the expression of proteins involved in apoptosis 
and tissue disruption. However, our findings suggest that the antioxidative properties of Ac-v extract could decrease the destruc-
tive structural and molecular events that happen along with hypoxia exposure or intense exercise training.
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Introduction

Hypoxia is defined as a  lack of oxygen de-
livery resulting in an inability to maintain phy-
siological function [1]. Different organs such as 
the lungs, heart, vessels and skeletal muscles 
respond dramatically to any kind of reduced 
oxygen delivery [2]. Studies in both animals 
and humans in hypoxia conditions have shown 
changes in alveolar features because of hypoxia 
exposure. Some researchers have reported that 

lung cells could be involved in apoptosis in hy-
poxia conditions [3]. On the other hand, there is 
some evidence that there is an increase in cell 
growth as a result of hypoxia [4]. In the acute and 
chronic lung disorders, the apoptosis induced 
by hypoxia has serious clinical consequences 
[5]. In fact, apoptosis as programed cell death is 
a physiological process in which cells might die 
unconsciously regardless of their growth status or 
other biological processes [6]. This kind of death 
would happen more probably in tissue hemostasis 
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and embryogenesis [7]. Evidence suggests that 
due to hypoxia exposure, glucocorticoids and free 
radicals increase intracellular calcium, TNF-a   
and P53, leading to an increase in apoptosis si-
gnals within lung cells [8, 9].

On the other hand, strenuous exercise mod-
ulates several related factors, such as reactive 
oxygen species (ROS), DNA damage, and hormone 
and cytokine levels, which are involved in the reg-
ulation of apoptosis in various cell types. Further-
more, ROS that increase in correspondence with 
the enhanced oxygen uptake during exercise are 
able to induce apoptosis via different mechanisms 
such as a decrease in intracellular glutathione 
levels or an alteration of mitochondrial proteins 
or by direct damage to cellular DNA [27].

Normally, harm to DNA results in defects in 
P53 function. P53 activation as a prevention of 
transcriptional factor of the cellular cycle can stop 
cellular proliferation. In fact, the accumulation of 
P53 leads to binding to DNA, which causes two 
major effects: 1) cellular cycle stopped in G1 pha-
se so the cell caught up the opportunities to repair 
any kind of damages; 2) If damaged DNA could 
not repair itself successfully, apoptosis genes such 
as BAX (BCL2 associated X) were activated so this 
could lead to mitochondria- dependent apoptosis 
[10, 11]. In addition to this, the TNF receptors 
family is considered to be the most important 
cell death receptors. If linked to procaspase 8 and 
then caspase 8 (active form), it could become the 
active caspase signaling cascade [12]. 

In long-term exercise training conditions 
or hypoxia conditions, if the anti-apoptotic and 
antioxidant system cannot deal with the situ-
ation [13, 14], using nutrition and supplements 
such as antioxidants and anti-inflammatory 
supplements could be a good strategy to protect 
cells from oxidative stress [15]. Adiantum capil-
lus-veneris (Ac-v) is a widely distributed plant 
species extensively used in traditional Chinese 
folk medicine for a variety of diseases. Ac-v Linn 
is a graceful delicate fern found in damp places 
of the western Himalayas, as one ascends to an 
altitude of 2,400 m, and extending into Manipur. 
It is common in Punjab, Bihar, Maharashtra, and 
South India. Capillus veneris Linn is traditional-
ly used in the Unani system of medicine for the 
treatment of inflammatory diseases [42]. (Ac-v) is 
a plant supplement (extract) having flavonoids, 
terpenoids, saponins and polyphenols which play 
an antioxidative role and are applied in inflam-
matory disorders such as asthma [16]. Since the 
mechanisms of inflammation are correlated with 
apoptosis, it is possible that using (Ac-v) could 

decrease apoptotic effects of hypoxia , and hence 
bring benefits to lung tissue.

Athletes are reported to use hypoxia to im-
prove their physiological adaptation to exercise 
training. Hence, inflammatory complications of 
severe exercise and hypoxia in the lungs have 
also been reported. Consequently, the present 
study aims to answer the question if being in 
hypoxia conditions and high-intensity exercise 
training would affect the TNF-a and P53 protein 
expression and also, to investigate histological 
adaptations in the respiratory surface and to 
study the role of (Ac-v) extract supplementation 
in these adaptations. 

Materials and methods

The study was carried out in accordance 
with the National Institutes of Health Guide for 
the care and use of laboratory animals. All ex-
periments that involved animals were conducted 
according to the policy of the Iranian convention 
for the protection of vertebrate animals used for 
experimental and other scientific purpose, and 
the protocol was approved by the ethics com-
mittee of the Sciences, University of Mazandaran 
(UMZ) (number: 2316813 and date: 18/2/2016). 

Animals
Twenty-four Wistar male healthy rats (age = 

4 weeks, height = 72 ± 8 gr) were obtained from 
the Amol Pasteur Institute and were moved to 
our laboratory. The rats were completely healthy 
in terms of physical well-being, with no history 
of disease.

 The animals were randomly divided into  
3 groups, including; control (n = 8), hypoxia  
(n = 8) and hypoxia and supplement (n = 8). 
After the animals were moved to the laboratory, 
the first week was considered a  familiarization 
with the laboratory standard conditions, and in 
the second week, they were acquainted with the 
treadmill. They were provided with a standard 
amount of food and water. 

Exercise training protocol 
The training program consisted of 10 in-

tervals, including 1–2 minutes exercise and active 
rest each, in a way that, resting speed was half 
of the exercise (25 m/m in the first week and  
70 m/m in the last week). The animals performed 
an exercise plan in 5 sessions in a week. After fi-
nishing the first 6 weeks, the animals were moved 
to a hypoxia chamber (a chamber with the same 
condition as 2800 meters altitude) for the next three 
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weeks. Half of the hypoxia animals received the 
(Ac-v) extraction at a dose of 500 ml/kg per body 
weight daily [17, 44], which was administered by 
gavage. The (Ac-v) extraction was made according 
to the procedures of Wendakoon et al. [18]. 

Tissue sampling 
Lung sampling was done 48 hours after the 

last hypoxia day. In order to do this, 3 units of 
ketamine (30–50 mg/kg) and xylacin (3–5 mg/kg)  
were injected into them. After, the lung tissue was 
removed and immersed in 10 percent formalin. 
After 5 days of the fixed tissue First, by using the 
orientiotor technique armed with IUR principles, 
the lungs were cut from the lung tissue and using 
passive stages [with the help of the automatic me-
thod of histocyte model (2000) made by the Leika 
Company] and paraffin molds prepared with the 
use of a rotating microtome model 820 with slices 
of 5 micrometers in thickness for immunohistoche-
mical studies. The pilot study results were used to 
determine the first section and minimum intervals 
between the sections. The molecular analyses 
including oriento analysis were done according to 
Schneider et al. [19]. Five laminates were rando-
mly divided into five non-sequential thin sections 
with a thickness of 5 μm for immunohistochemical 
examination of TNF-a protein expression and five 
other thin slices for immunohistochemical exami-
nation of P53 protein expression.

Immunohistochemical analysis
The immunohistochemical technique was 

performed using the TNF-a specific antibody code 
ab9635 made by Abcam Company and P53 code 
M7001 made by Dako Company. To do this, briefly, 
after preparing the paraffin sections and placing 
them on the syllabized slides of the S3003 code of 
Dako and during the de-paraffin dehydration steps 
with desiccation of alcohol, the antigen retrieval 
was performed using the Tris/EDTA buffer and 
the microwave. After washing and pre--treatment 
with a 3% hydrogen peroxide solution in methanol 
and washing with phosphate buffer solution and 
determining the cut-off area with Daco pencil, the 
antibody was added to the tissue and after treat-
ment with peroxidase- labeled polymer, the cut 
surface was chromatographed with DAB and its 
substrate was covered. After complete rinsing and 
differential chromatography with hematoxylin, 
the slides were protected by optical microscopy 
[20]. Then, using each microscope slider, five dif-
ferent fields were selected and taken. Using each 
microscope slide, five different fields were chosen 
and taken with the camera. Finally, the images 

were analyzed for the quality of the reaction by 
Image Moore software version 1.49. They were 
described as random data [21].

Stereological analysis
Stereological studies were applied to deter-

mine the changes in the respiratory surface in the 
lung tissue [22], using optic-fractional methods 
with a microscope attached to a micro-monitor, 
a camera, and a  full-digital system, with a ver-
sion 9 of the Stereo-investigator software. The 
estimated respiratory surface was determined 
using a linear probe with the following formula:
Salv lung = Sv (alv/par) × Vd(par/lung) × Vlung

Volumetric parenchymal pulmonary density 
and “Vlung” are the total volume of the left lung, 
which was previously calculated according to the 
Cavalier method, and “SV (alv/par)” is the surface 
density (relative to the internal surface) of the 
alveoli, calculated by the following formula: 

Where “I” represents the number of collisions 
in target level with the lines, “p” represents the 
number of points in the reference space and “l/p” 
is the length of each line in degree. 

Extraction of Adiantum capillus–veneris (Ac-v) 
A total of 500 g of (Ac-v) fresh plant was shade 

dried, powdered and extracted with ethanol for 
6–8 hours using a Soxhlet extraction apparatus. 
The extraction process was done by packing 50 g 
of fine powder with Whatmann filter paper No. 41 
and placing that in the Soxhlet extraction appa-
ratus along with solvent — petroleum ether, and 
then methanol. This extract contains both polar 
and non-polar phytocomponents. Table 1 shows 
Ac-v weight in the extraction process [18, 23].

GC-MS analysis of (Ac-v)
A total of 5 ml of the extract was evaporated to 

dryness and re-dispersed into 2 ml methanol. The 
extracts were then subjected to GC-MS analysis. 
Chromatographic separation was carried out with 
a GC-MS-QP 2010 [SHIMADZU] instrument with 
Db 30.0 column (0.25 μm diameter × 0.25 μm  
in thickness). The oven temperature was progra-
med from 70°C (isothermal for 5 min), with an 
increase of 10°C/min, to 200°C, then 5°C/min to 
280°C, ending with a 35 min isothermal at 280°C. 
Mass spectra were taken at 70 eV; a scan interval of 
0.5 s and scan range from 40–1000 m/z. Helium was 
used as carrier gas at 99.999% pressure with flow 
1.0 ml/min and electronic pressure control on. The 
samples were dissolved in methanol and injected 
automatically. The main components of the Ac-v 
measured by GS-MS are shown in Table 2 [18, 23]. 
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Statistical analysis 
Descriptive statistics were used to measure 

the mean and standard deviations in the groups. 
The Kolmogorov-Smirnov test (k-s) was applied 
to assess data distribution normality. The groups’ 
means were compared with one-way ANOVA 
followed by Least Significant Difference (LSD) 
tests — post hoc analysis. All calculations were 
performed using SPSS 21.0 software, and signi-
ficance was set at P ≤ 0.05.

Results

Statistical analysis showed that after a 3-week 
exposure to hypoxia after an interval-training 
period (hypoxia group), the TNF-a  expression 
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Figure 1. Levels of TNF-a parenchymal protein in the 3 studied groups 
Data are means ± SE.
*Significant difference compared to the control group (P ≤ 0.05); 
**Significant difference compared to the exercise-hypoxia group  
(P ≤ 0.05)

Figure 2. Micrograph of lung tissue in the 3 studied groups. The secondary antibody TNF-a is attached to FITC and the cell core is painted with PI 
color. Zoom in on a 400 × scale. The arrow in the images (yellow color reaction) indicates a positive reaction with antibody. The color intensity 
scale in pixel units per micrometer square (Pixel/µm2). As it is seen, the expression of TNF-a protein in the hypoxia group has increased compared 
to the control group and decreased in the hypoxia supplement group as compared to the hypoxia group

of the lung parenchyma increased significan-
tly compared to the control group (233.33%,  
P ≤ 0.05) (Figure 1, 2). It was also observed that the 
level of this protein in the supplemental hypoxia 
group has significantly decreased compared to the 
hypoxia group (P ≤ 0.05).

P53 parenchymal protein expression incre-
ased significantly (344.82%, p ≤ 0.05) (Figure 3, 4). 
As seen in Figure 3, P53 expression in the hypoxia 
group was significantly increased compared to the 
control group (P ≤ 0.05). However, the level of this 
protein in the supplemental hypoxia group was 
significantly decreased compared to the hypoxia 
group (P ≤ 0.05).

The respiratory surface of the lung paren-
chyma decreased significantly (56.46%, p ≤ 0.05) 
(Figure 5, 6). As seen in Figure 5, the respiratory 
surface in the hypoxia group was significantly 
reduced compared to the control group (P ≤ 0.05). 
It was also observed that the respiratory surface 
in the supplemental hypoxia group was signifi-
cantly increased compared to the hypoxia group  
(P ≤ 0.05). As seen in Figure 6, the structure of the 
parenchymal segment of the lung tissue in the con-
trol group was normal, while in the hypoxia group, 
the number of pulmonary alveoli decreased. Also, 
the number of pulmonary alveoli in the hypoxia gro-
up was increased compared to the hypoxia group.

The analysis showed that the (Ac-v) extract 
in the supplemental hypoxia group for 3 weeks 
compared to the hypoxia group resulted in a signi-
ficant decrease of the TNF-a expression of the lung 
parenchyma (34%, p ≤ 0.05) (Figure 1, 2). The 
results also showed that the protein expression 
of the P53 parenchyma significantly decreased 
(41.08%, p ≤ 0.05) (Figure 3, 4). The respiratory 
surface of the lung parenchyma increased signi-
ficantly (36.57%, p ≤ 0.05) (Figure 5, 6).
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Figure 3. Levels of P53 protein in the 3 studied groups. Data are 
means ± SE.
*Significant difference compared to the control group (P ≤ 0.05); **Si-
gnificant difference compared to the exercise-hypoxia group (P ≤ 0.05)

Figure 4. Micrograph of lung tissue in the 3 studied groups. The secondary P53 antibody is attached to FITC and the cell core is painted with PI 
color. Zoom in on a 400 × scale. The arrow in the images (yellow color reaction) indicates a positive reaction with antibody. The color intensity 
scale in pixel units per micrometer square (Pixel/µm2). As it is seen, the expression of P53 protein in the hypoxia group has increased compared to 
the control group and decreased in the hypoxia supplement group as compared to the hypoxia group
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Figure 5. The respiratory surface of the lung in the 3 studied groups. 
Data are means ± SE.
*Significant difference compared to the control group (P ≤ 0.05); **Si-
gnificant difference compared to the exercise-hypoxia group (P ≤ 0.05)

	 Hypoxia supplement	 Hypoxia	 Control

Figure 6. Histological structure of the lung tissue in the 3 studied groups (hematoxylin-eosin staining, 200 × magnification). As seen in Figure 6, 
the structure of the parenchymal segment of the lung tissue in the control group was normal, while in the hypoxia group, the number of pulmonary 
alveoli decreased. Also the number of pulmonary alveoli in the hypoxia supplement group was increased compared to the hypoxia group
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Table 2. The main components of the Ac-v measured by GC-MS analysis

Retention time (min)The area under the peak (%)Components

2824.495-(7A-isopropenyl-4,5-dimethyloctahydro-1H-inden-4-yl

1718.29n-Hexadecanoic acid

2810.61Gamma, Sistosterol

199.25Cis-vaccenic acid

302.635-(7A-isopropenyl-4,5-dimethyl-octahydroinden-4-YL)-3methy-
l-pent-2-EI

152.20Tetradecanoic acid

292.15Phenanthrene, 9-dodecyltetradecahydro

242.13Squalence

281.924-(2,6,6-trimethyl-1-cyclohexen-1-YL)-3-penten-2-one

171.78Cis-9-Hexadecenoic acid

291.742-Azapentane-1,5-dione, 4-methyl-1,5-diphenyl-3-(p-tolyl)-

241.60Hexaethylene glycol monododecyl ether

261.58Vitamin E

80.37Total

 Table 1. Ac-v weight in the extraction process

The weight of crushed Ac-vBefore putting in ethanol55 gr

After putting in ethanol62/37 gr

Weight of 70% ethanol which was used150 ml

Extract and alcohol soluble weight75/06 gr

Pure extract of Ac-v6/53 gr 

Percentage of the composition of the extract with drinking water1 gr in 10 gr

Discussion

The purpose of the study was to investigate 
the effect of hypoxia and Ac-v extract on the 
expression of active proteins involved in pro-
moting apoptosis, TNF-a, P53 and the respiratory 
surface of the lungs. Essentially, the findings of the 
study have shown that after 3 weeks of hypoxia 
exposure, the expression of TNF-a, P53 parenchy-
ma significantly increased, and the lung respira-
tory surface decreased. It was also observed that 
Ac-v extract reduced the expression of TNF-a and 
P53 significantly and increased the respiratory 
surface of lunge cells in the hypoxia group.

The increase in proteins involved in apop-
tosis induced by exercise and hypoxia seems to 
activate apoptotic pathways in the lungs with 
a reduction in the respiratory surface of the lung 
in hypoxia. From this, it can be concluded that the 
molecular and intracellular signaling of apoptosis 
has led to changes in the lung parenchyma tissue, 

which is referred to as parenchymal defective 
remodeling [24, 25]. In recent years, apoptosis 
has attracted the attention of many physiology 
researchers. Evidence suggests that apart from 
cell death in the form of necrosis, apoptosis is 
also related to exercise training and a decrease in 
partial oxygen pressures [26]. Excessive or intense 
exercise may also lead to significant mechanical 
damage that results in apoptosis and necrosis 
with inflammatory responses [27]. Extreme exer-
cise activities tend to modify many of the factors 
that may alter apoptosis in a variety of tissues. 
Studies have shown that intense exercise activity 
increases glucocorticoid secretion, intracellular 
calcium concentrations, and the production of 
reactive oxygen species — all of them are the 
factors involved in apoptosis (which has been 
already described) [27, 28].

The important question is how hypoxia is 
likely to lead to progression of apoptosis in the 
lungs and how the TNF-a plays a  role in this 
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effect. Lung gas exchange failure and circulatory 
disturbances (during systemic hypoxia) can lead 
to hypotension and tissue hypoxia, which can 
induce the release of TNF-a [29, 30]. The plasma 
membranes of most cells have what is called death 
receptors. Death receptors are tumor necrosis factor 
(TNF) receptor suppressor members. When these 
receptors are stimulated by ligands, they activate 
the caspases and induce apoptosis. The feature of 
this family is the presence of a rich secretion of 
cysteine ​​in the extracellular part. These receptors 
in the cytoplasmic section have a sequence called 
the “death region”, and hence they participate in 
the transmission of apoptotic signaling to the cell 
[31]. Two important ligands in this pathway are 
the FAS fascia that attaches to the FAS receptors 
and TNF-a attached to the TNFR-1 receptor [32].

Hypoxia determines whether the cell re-
sponds to hypoxia and survives or dies [33]. In the 
present study, hypoxia groups lived in a cham-
ber at a simulated artificial height of 2800 m for  
3 weeks. Elevations of 2500 meters or greater 
would bring significant physiological effects to 
the body of humans [35]. The low ambient partial 
pressure of the atmosphere means a low oxygen 
pressure (pO2), which in turn causes oxygen to 
be limited in the tissues [34]. 

Shin Daïl et al. [35] examined the effects of 
long-term intermittent hypoxia on mitochondria 
and some other factors involved in the apoptotic 
pathway. The results of their study showed that 
apoptotic pathway activity depends on mito-
chondrial BNIP3, caspase 3, caspase 8, caspase 
9 and FAS death receptor significantly increased 
after 4 weeks [35]. An important finding of the 
present study was the reduction of the levels of 
proteins involved in apoptosis development and 
respiratory surface increment of the pulmonary 
parenchyma in subjects in hypoxia environment 
after 3 weeks of Ac-v consumption. This point 
suggests a  decreased lung apoptotic activity, 
increased proliferation of glandular myocytes, 
and ultimately a positive remodeling of the lung 
exchange tissue [36]. These findings are likely to 
support the anabolic action and positive mito-
chondrial role of Ac-v extract [17]. Cytochrome 
c is the causative agent of apoptosis (AIF) which 
occurs due to the oxidants’ activity. The release 
of cytochrome c into cytosol is assumed as the 
first apoptotic event [37]. Researchers point out 
that hypoxia could increase oxidative stress and 
produce free radicals in the lungs, which may be 
considered a threat to the lung tissue [38].

Research has shown that the extraction of 
Ac-v leaves can act as a strong factor in inhibiting 

free radicals [16]. As a strategy, herbal supple-
ments, which have antioxidative and anti-in-
flammatory effects on the respiratory tract, can 
be used to control disease [39]. In this regard, it 
has been reported that Ac-v inhibits free radicals 
and improves the antioxidant defense system [39]. 

Phytochemical evaluation of Ac-v has shown 
that there is a set of compounds, including flavo-
noids, terpenoids, phenylpropanoids, caroteno-
ids, carbohydrates, carotenoids and lactic acid 
in this medicinal plant. Ac-v leaves also contain 
mucilage, sugar, glycolic acid, tannin, essential 
oil and a substance called capillarin [40]. Many of 
these compounds have been proposed as agents 
having the ability to neutralize free radicals and 
reduce inflammation. The researchers noted 
that Ac-v probably leads to these events through 
direct free radicals control and, consequently, the 
promotion of antioxidant defense system [41].

The anti-inflammatory activity of Ac-v extract 
is associated with inflammatory mediator’s inhi-
bition such as NO, TNF-a, as well as cyclooxyge-
nase enzyme. As previously mentioned, TNF-a   
is one of the strongest cytokines in apoptosis 
associated with death receptors. In confirmation 
of these assumptions, the Ac-v extract was able 
to inhibit the production of PGE2 due to LPS 
function, which could also inhibit the produc-
tion of TNF-a and IL-6 in monocyte macrophage 
activity. An important part of these inhibitory 
effects is NF-kB inactivation [16]. Furthermore, 
ethyl acetate part of Ac-v has a high percentage 
of flavonoids and phenolic compounds [42, 43]. 
As an additional point, studies have shown that 
p38 is necessary for NF-kB transcription due to 
TNF stimulation. In the same way, the results 
have suggested that Ac-v extract may selectively 
affect the phosphorylation of p38 MAPK and thus 
have an inhibitory effect on it [16]. 

Conclusions 

To conclude, it can be argued that chronic 
moderate hypoxia exposure is a strong stimulant 
to increase the protein(s) involved in apoptosis 
pathway (e.g. TNF-a) and a potential promotor 
to P53 parenchymal cells, as well as the factor 
leading to the damage of the parenchyma of 
the lung by a failed remodeling process. On the 
other hand, Ac-v extract may possibly reduce 
the effects of these proteins expression through 
elements such as flavonoids, terpenoids, pheny-
lpropanoids, and other antioxidant factors, and 
it can possibly moderate, to some extent, the 
disruptions caused by hypoxia exposure to lung 
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parenchyma. In general, our major finding is that 
the effects of apoptosis from hypoxia exposure or 
intense exercise training appear to be mitigated 
by the (Ac-v) extract usage.
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